Detection of antibodies by immunofluorescence techniques is being employed increasingly in diagnostic microbiology since its discovery by Coons et al. (3). The fluorescence emitted by most bacterial cells when excited by xenon or mercury arc lamps is so low that long periods of exposure are necessary for adequate fluorescence monitoring. This long exposure to light in the ultraviolet (UV) region photodecomposes the conjugated dye into free dye, causing fluorescence fading. Also, it is extremely difficult to quantitate precisely the intensity of fluorescence by human eye particularly when the interpretation is influenced by the presence of nonspecific or autofluorescence, leading to a reduction in the signal-to-noise ratio.
A pulsed dye laser was used as an excitation source in a fluorescent treponemal antibody absorption (FTA-ABS) test. A high precision in quantitative fluorescence was obtained with this high-power excitation source coupled to an electronic detection system and a storage oscilloscope by standardization of fluorescence evaluation and through elimination of human error. One 0.4-,Os pulse exposure was sufficient to record fluorescence intensity data on the oscilloscope. Absence of fading of fluorescence after repeated excitation permitted multiple readings of the same Detection of antibodies by immunofluorescence techniques is being employed increasingly in diagnostic microbiology since its discovery by Coons et al. (3) . The fluorescence emitted by most bacterial cells when excited by xenon or mercury arc lamps is so low that long periods of exposure are necessary for adequate fluorescence monitoring. This long exposure to light in the ultraviolet (UV) region photodecomposes the conjugated dye into free dye, causing fluorescence fading. Also, it is extremely difficult to quantitate precisely the intensity of fluorescence by human eye particularly when the interpretation is influenced by the presence of nonspecific or autofluorescence, leading to a reduction in the signal-to-noise ratio.
In the fluorescent treponemal antibody absorption (FTA-ABS) technique described by Deacon et al. (4) , the patient's serum is graded for the presence of syphilitic antibodies by the visual, microscope quantification of the intensity of fluorescence produced by the conjugated fluorescein bound to Treponema pallidum cells.
Mansberg and Kusnetz (11), by using flying spot scanning techniques, observed that the signal-to-noise ratio in fluorescent dye preparations could be increased by employing certain excitation sources and optical absorption filters, and proposed the use of a continuous-wave (CW) laser because of its stability, monochromaticity, and high power output. ' Visiting professor, I.N.R.S., University of Quebec.
Numerous lasers are now available which produce different power levels and wavelengths corresponding to the exact need of a researcher. The continuous lasers are of low power and fixed-frequency output. On the other hand, the pulsed laser's output is of short duration and therefore delivers a high peak of power per pulse. The possibility of multiple frequency selection with a single dye laser source was first reported by Sorokin and Lankard (13) . Different organic dyes can be used as lasing materials to obtain different wavelengths by rotating a grating inside these so-called tunable lasers.
Kaufman et al. (10) used fixed-wavelength CW argon and He-Cd lasers to excite fluorescein isothiocyanate (FITC)-stained Escherichia coli and found that the intensity of fluorescence was at least 100 times stronger than the one produced by the routine arc lamps. Kaufman mm; blazed at 500 nm). The pulsed dye laser was operated at 23 kV and the photomultiplier was operated at 0.6 kV. The sensitivity of the oscilloscope was adjusted to 100 mV/division. Barrier filter K490 was used to absorb the laser excitation light and to permit only the passage to oculars of greenish-yellow fluorescence produced by the laser-excited objects. With the help of a special device in the trinocular head of the microscope, it was possible to direct the fluorescence from the ocular pathway to the photomultiplier or to the camera.
The processed treponemal antigen slides were focused under darkfield, substage illumination from the halogen lamp. The slides for UV incident illumination were processed and interpreted as mentioned previously (8) . A green fluorescence was seen after excitation of the treponemes with each laser pulse lasting 839 VOL. 27, 1974 on June 26, 2017 by guest http://aem.asm.org/ Downloaded from KASATIYA, LAMBERT, AND LAURENCE only 0.4 As. To standardize data interpretation, fluorescence emitted by three treponemes focused within the adjustable entrance diaphragm of 4 mm2 of the photomultiplier was recorded on the oscilloscope after laser excitation. A reading of the adjacent field of the same surface area without treponemes was also taken to record the nonspecific background fluorescence. The difference in total signal (treponemes plus background) and noise (background) was recorded as the specific treponemal fluorescence.
To establish accuracy, a total of six fields per slide, i.e., three with treponemes and three without treponemes, was examined. Ten pulse readings per field were recorded on the oscilloscope. Thus, the intensity of fluorescence for each slide was reported as the difference of means of 30 pulse readings with nine treponemes under focus and of 30 pulse readings of three backgrounds without treponemes.
With the least-squares method, a linear standard curve was obtained by plotting 540 treponemal fluorescence readings of nine known control sera (six from CDC and three from Aerojet) representing nonreactive, borderline and reactive 1+, 2+, 3+, and 4+ FTA-ABS tests (Fig. 2) . Each time a new conjugate is used, a new standard curve must be established with known control sera; thus, the fluorescence grading becomes independent of the conjugate used.
RESULTS
Fluorescence stability. To determine the stability of fluorescence, three different processed slides, with sera rated 4+, 3+, and 1+ for the FTA-ABS test, were exposed to pulses from the laser and recorded by the oscilloscope. The same field on each slide containing treponemes and the adjacent field without treponemes were each exposed to 10 laser pulses during a period of 30 s. Treponemal and background fluorescence produced by each pulse are plotted in Fig.  3 . The total time of exposure to the laser beam per field was 4 gs. An interval of 3 s between two pulses was necessary for the laser to regain the initial voltage of 23 kV after discharge. There was no loss in the intensity of fluorescence in the three specimens, despite repeated excitation of the conjugated fluorescein by the laser (Fig. 3) . A good signal-to-noise ratio permitted a precise interpretation of each slide.
Reproducibility. Two slides from each of 40 unknown samples were prepared and processed for the FTA-ABS test under identical conditions. The results were fully reproducible in 87.5% of the cases, whereas the remaining 12.5% showed one-step variation in the intensity of fluorescence (Table 1) . If we ignore this one-step variation due to reagents and physicochemical errors, the reproducibility was almost 100%.
Comparative study of known sera from CDC. Two slides processed for FTA-ABS test with each of the 25 known CDC control sera were examined, one with the UV incident light and the other with the transmitted, pulsed laser beam. Positivity from laser excitation was evaluated with the standard curve (Fig. 2) . As shown in Table 2 usual technical variations caused by pH, temperature, quality and titer of the reagents and samples, incomplete washing of the processed slide and the lack of contrast, poor condition of the excitation source and the optical system, voltage fluctuations, etc., affect the stabilization of the quantitative fluorescence data. To these may be added the human errors caused by fatigue, color blindness, individual variability, etc. Out data show that the laser, a stable high-energy light source, when coupled to electronic fluorescence detection and recording equipment, eliminates human error, providing precise and reproducible quantitative data in the fluorescent antibody reactions by increasing the sensitivity. Absence of fading after repeated exposures to laser permitted multiple readings of the same slide for check-up or other reference purposes. The tunable dye laser, besides possessing the advantages of a CW laser with regard to intensity, collimation, coherence, and monochromaticity, gives the flexibility of different frequency selection at a low cost. The peak power of the pulsed laser in our experiments was so high that a single 0.4-gs pulse was able to sensitize the photomultiplier and the oscilloscope, obtaining a significant signal separation between a negative and a reactive serum.
Bergquist (1), using immunoglobulin micro- A better correlation in the quantitative fluorescence was obtained between the laser and UV incident illumination (Table 3) than between the laser and UV substage transmitted illumination (CDC). This may be due to the fact that the intensity of fluorescence with transmitted laser and UV incident illumination is much higher, thus rendering possible more precise evaluation than with UV substage transmitted illumination.
The coaxial flashlamps used in the pulsed dye laser are at present costly and last only for 2 ms, i.e., 5,000 pulses, although it is quite simple to modify them to triple their lifetime. In our experience, it was found feasible and economical to manufacture one's own flashlamps. Usual precautions should be taken while working with high-energy lasers (6, 7) . To reduce the measurement time per sample, studies are in progress towards completely automating the fluorescent-antibody technique employed in the serodiagnosis of various diseases.
